1. Introduction {#sec1}
===============

Ménière\'s disease (MD) is a multifactorial disorder affecting the inner ear characterized by episodic vestibular symptoms associated with sensorineural hearing loss, tinnitus, and aural pressure ([@bib29]). MD is a rare disease in the general population ([@bib4]). Incidence rates are variable among studies: 8.2 to 157 per 100 000 ([@bib7]). Prevalence of MD is higher in Caucasians ([@bib30]). MD is often diagnosed between 20 and 50 years and its prevalence increases with age ([@bib4]). MD is extremely rare in children and literature regarding this theme is scarce ([@bib6]). There is a slight female predominance and no difference exists between the left to right affected ear ratio ([@bib34]). Bilateral MD has been reported in 25--40% of affected individuals ([@bib1]). Five distinct clinical subgroups have already been described in patients with bilateral disease ([@bib10]).

Although magnetic resonance imaging (MRI) and computed tomography (CT) scan are being increasingly used, MD is diagnosed clinically ([@bib14]). The current diagnostic criteria reflect the consensus among the Bárány Society, Japan Society for Equilibrium Research, EAONO, AAO-HNS and Korean Balance Society ([@bib7]).

Even though it has been known for about 150 years, MD aetiology and pathophysiology remains controversial. Currently, MD is considered a multifactorial disorder where the combined effect of genetics and environmental factors probably determine the onset of the disease and its phenotypical multiplicity. ([@bib7]). Endolymphatic hydrops (EH) is a hallmark pathologic alteration of this disease. However, while EH is present in all patients with MD, not all patients with EH develop symptoms ([@bib2]; C. A. [@bib8]).

An adequate model that explains MD\'s symptoms/attacks, pathology and epidemiology is not yet established. MD attacks are thought to be a consequence of abnormal inner ear pressure combined with fluid and ion homeostasis disruption due to Reissner\'s membrane rupture ([@bib12]). On the other hand, vasospasm of inner ear small vessels has been proposed as the explanation for migraine-associated vestibular symptoms. This would in turn explain the sudden onset of auditory and vestibular symptoms in such patients ([@bib11]; [@bib19]).

Recently, the vascular theory of the disease symptoms has been proposed (C. A. [@bib8]; Carol A. [@bib9]). Some authors consider MD as a cerebrovascular disease and some epidemiologic studies point to a high cardiovascular risk in MD patients, although this association has not been defined (Carol A. [@bib9]; R. [@bib32]).

The objectives of this original article are to characterize a MD population from a cardiovascular risk point of view and correlate these findings to the disease phenotype and evolution.

2. Methods {#sec2}
==========

A cross-sectional and retrospective study was designed including patients with *definite* MD diagnosis according to the criteria defined by consensus among Bárány Society, Japan Society for Equilibrium Research, EAONO, AAO-HNS and Korean Balance Society ([@bib20]). This study was approved by the Institutional Review Board for Clinical Research of our institution. Chart study data of 31 MD patients observed between January 2017 and April 2018 in a tertiary university hospital were reviewed. Data were complemented, when needed, with telephonic or clinic visits. Lost follow-ups, patients with diagnosed or suspected autoimmune disease, history of atopy or positive allergy tests, migraine history and abnormal cerebral magnetic resonances, decompensated psychiatric disease and major depression were excluded. Age, gender, cardiovascular risk factors (CVRFs), such as excessive body mass index (BMI), dyslipidaemia, hypertension, smoking status and type 2 diabetes mellitus were recorded ([Table 1](#tbl1){ref-type="table"}).Table 1Cardiovascular risk factors - definition.Table 1ParameterDefinitionExcessive BMIBMI ≥25 kg/m^2^DyslipidaemiaTotal cholesterol ≥220 mg/dL and/or Triglycerides ≥150 mg/dL or Using medicationType 2 Diabetes MellitusHbA1c ≥ 6.5% or Fasting glucose ≥126 mg/dL or Using medicationHypertensionSustained Systolic ≥130 mmHg and/or Sustained Diastolic ≥90 mmHg or Using medication

The population was divided into two groups: group 1 -- without CVRFs (n = 8) and group 2 -- with CVRFs (n = 23).

Audiometric and vestibular parameters were compared among groups. Pure Tone Audiometry (PTA) - averaged within the frequencies of 0.5, 1, 2 and 3 kHz - and Speech *Discrimination* Test (SDT) thresholds of the affected ear in the last audiogram, performed within the preceding year and not during a crisis, were used to characterize the audiometric patients' profile. Percentage of vestibular hypofunction in caloric testing was used to characterize vestibular profile of patients, when available.

Caloric testing was performed with Hortmann Airmatic^®^ system (type 51, fabrication number 851 513 220), using air cooled to 28° or heated to 44°. Data were collected and interpreted using Windows^®^ software for PC (Ulmer VNG, Version 1.4 SYNAPSIS ^®^). An asymmetry of at least 20% was considered abnormal.

Regarding vestibular and audiometric parameters, in cases of bilaterality, the poorer ear was used.

Presence of MD attacks in the previous 6 months (self-reported), vestibular medication in course and MD time course (self-reported) were also documented and compared. Attacks were defined as: crises of vertigo with otological symptoms of hearing loss and/or aural fullness and/or tinnitus lasting between 20 min and 12 h.

All reported P values are two-tailed, with a P value \< 0.05 indicating statistical significance. Analyses were performed with SPSS version 20.0 (SPSS Inc, IBM Corp, Armonk, NY). Normal distribution was checked using Shapiro-Wilk test or skewness and kurtosis. Categorical variables are presented as frequencies and percentages, and continuous variables as means and standard deviations, or medians and interquartile ranges for variables with skewed distributions. Comparison of the experimental groups was evaluated with the use of Student *t*-test or Mann-Whitney*U* test, Chi-Square test, or Fisher exact test, as appropriate.

3. Results {#sec3}
==========

31 subjects (12 men and 19 women) mean aged 60.3 years (±9.7 years), ranging from 41 to 80 years, were studied. Stratified by age, the majority of the population was between 45 and 64 years (58%). In 16 cases the right ear was the affected one (51.6%), while only one patient had bilateral disease (3.2%). There was no statistically significant difference in right to left affected ear ratio. 74% of patients had, at least, one CVRF, while 55% had ≥2 risk factors ([Graphic1](#fig1){ref-type="fig"}, [Graphic 2](#fig2){ref-type="fig"}). The main CVRF was hypertension (42%) followed by excessive BMI (20%) and dyslipidaemia (20%). Mean PTA threshold was 60.3 dB (±23.3 dB) and median value of SDT was 79.6% (±25.6%) ([Table 2](#tbl2){ref-type="table"}). Caloric stimulation tests were performed in 48.4% of patients and were pathological in 100% of these. The mean value of vestibular function percentage loss was 54% (±22.5%) ([Table 2](#tbl2){ref-type="table"}). According to self-reported data, mean MD course disease was 7.7 years (±5.6 years) ([Table 2](#tbl2){ref-type="table"}). In general, 16 (51.6%) of the patients reported, at least, one MD attack during the previous 6 months ([Table 2](#tbl2){ref-type="table"}). The majority of the patients (71%) were using daily beta-histine at variable dosages. All patients under double medical therapy were taking a hydrochlorothiazide (50 mg) plus amiloride hydrochloride (5 mg) association, besides beta-histine in optimal dosage ([Graphic 3](#fig3){ref-type="fig"}).Graphic1Stratified population according to age (years).Graphic1Graphic 2Prevalence of CVRFs among the population (number of risk factors).Graphic 2Table 2Demographic and audio-vestibulometric data of MD population.Table 2MD population (n = 31)Age, mean (±SD)60.3 (±9.7)Gender, number of women (%)19 (61.3%)Affected ear -- right, number (%)16 (51.6%)Bilateral, number (%)1 (3.2%)Number of patients with ≥1 CVRfs23 (74%)PTA, mean (±SD)60.3 (±23.3)SDT, median (±IQR)79.6% (25.6%)Nº of patients reporting attacks in the last 6 months (%)16 (51.6%)[^1]Graphic 3Treatment in course.Graphic 3

A cerebellopontine angle and internal auditory canal evaluation through MRI was requested in 48% of patients. MRI was normal in all studied cases.

Demographic and audio-vestibulometric data of MD population are summarized in [Table 2](#tbl2){ref-type="table"}.

Comparing the two groups (group 1: without CVRFs and group 2: with CVRFs), there was statistically significant difference in the number of MD attacks stated in the previous 6 months (p = 0.014) and the more CVRFs patients had, the more probable was for them to describe an attack in the previous 6 months, independently of their age ([Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}). There were no statistically significant differences between groups when comparing the percentage of hypovalence in caloric testing. However, patients in group 2 showed poorer results in the caloric test ([Table 3](#tbl3){ref-type="table"}).Table 3Comparisons between groups.Table 3Group 1 (n = 8)Group 2 (n = 23)P valuePresence of attacks \<6 months, number of patients affected (%)1 (12.5%)15 (65.2%)**0.014**Group 1 (n = 4)Group (n 11)P Value% of hypovalence in caloric testing, mean (±SD)39.8 (±18.6)51.5 (±21.1)0.34Table 4Percentage of patients reporting at least one attack in the previous 6 months, according to the number of CVRFs.Table 4Number of CVRFsNumber of patients affected with this number of CVRFs (n = 31)Mean age% of patients reporting at least one attack in the previous 6 monthsZero854.912.5%One659,633%Two1065,960%Three464,375%Four364,9100%

Although the mean PTA thresholds were higher and the SDT results lower in patients with CVRFs, there were no statistically significant differences between groups ([Table 5](#tbl5){ref-type="table"}). Age did not influence the results, since there were no statistically significant differences between age in groups 1 and 2 when considering disease evolution ([Table 5](#tbl5){ref-type="table"}).Table 5Comparisons between groups, stratified by disease evolution.Table 50--4 years of MD (n = 11)p-value5--9 years of MD (n = 12)p-value≥10 years of MD (n = 6)p-valueGroup 1 (n = 5)Group 2 (n = 6)Group 1 (n = 2)Group 2 (n = 10)Group 1(n = 1)Group 2(n = 5)PTA, mean (±SD)58 (±27)70 (± 19.7)0.437.5 (±10.6)58 (±18.6)0.171059 (±23.8)0.1SDT, median (±IQR)92 (±12)69 (34.6)0.190 (±14.1)85 (±19.3)0.710076 (±29.6)0.4Age, mean years (±SD)51(±7)61.1 (±9)0.05553.5 (±21.9)61.9 (±7.8)0.316868.2 (±7.0)0.6[^2][^3]

4. Discussion {#sec4}
=============

Our results are in accordance to the literature regarding age of diagnosis and laterality ([@bib35]). There was a female preponderance of approximately 2:1, which is similar to previously reported in the literature ([@bib4]). In our sample, we have noted that MD prevalence increases with age; this is similar to what happens regarding the cardiovascular risk factors, especially in women, when the protective effects of oestrogen disappear ([@bib1]; [@bib3]).

In our institution, MD patients are followed annually. However, when the disease decompensates or it is in its earlier stages, trimestral or semester following are also options. The treatment options used in our sample aim to control ear and vertigo symptoms. The majority of patients (71%) are well controlled with self-adjustable doses of beta-histine, lifestyle adjustments and hypossaline diet. These findings are in line with the majority of the published data ([@bib22]).

According to our practice, caloric testing is used in cases where clinical vestibular hypofunction is noticed on the physical exam, and not as a routine to each patient diagnosed with MD. Similarly, as MRI testing is of very low yield in patients with "definite" or "probable" MD, we do not use it on a routine basis ([@bib27]).

Hearing loss in Meniere\'s disease early course is characterized by fluctuating hearing loss limited to the low frequencies. During the disease\'s evolution, hearing loss involves medium and high frequencies as well ([@bib28]). In our sample, patients with CVRFs showed higher PTA thresholds and lower speech discrimination; independently of disease course. The most expressive result was the self-reported presence of attacks, defined by crises of vertigo with ipsilateral hearing loss and/or aural fullness and/or tinnitus lasting between 20 min and 12 h. Patients in group 2 reported crisis in the last 6 months more often, and the percentage of patients reporting this was higher if more CVRFs they had. In fact, all patients with 4 CVRFs reported, at least, one MD attack in the last 6 months.

These findings point to a possible influence of the CVRFs over the course and severity of the disease. Indeed, according to our results, our MD population, when excluding potential aetiological factors, such as allergy/atopy, auto-immune disease and migraine, seem to have a high overall cardiovascular risk, especially due to hypertension. Teggi et al., in 2012, studied an elderly MD population. They found that elderly subjects presented a more "aggressive" evolution of MD and hypothesized that vascular disorders could act as a predisposing factor for MD (R. [@bib32]). Frejo et al., in 2016, studying clinical phenotypes in bilateral MD also found a group defined by synchronic hearing loss without migraine or auto-immune disease with a vascular risk profile which did not overlap with the other 4 phenotypes described. These authors recommend further studies to assess the role of inner ear microvasculature circulation in MD ([@bib10]).

Curiously, mutations in a variety of genes involved in ionic composition and/or water transport or even cardiovascular development have already been linked to MD aetiology, namely: aquaporins *1, 2, 3, 4*, and *5*, antiquin, *potassium*voltage-gated channel subfamily E regulatory subunit 1 and 3, Adducin *1, 2 and 3* are linked to water transport and dermatopontin and semaphoring III are linked to cardiovascular development ([@bib5]; [@bib7]; [@bib21]). On the other hand, cardiovascular risk factors such as hypertension, smoking, obesity, diabetes and altered lipid profile are well known causes of microvasculature compromise, oxidative stress, brain-blood and blood-labyrinth barriers damage making the cerebrum, and potentially the inner ear, target end-organs of the cardiovascular disease spectrum ([@bib13]; [@bib31]). Actually, Roberto Teggi et al. focused on the levels of Chromogranin A (CgA) in MD patients. CgA plays an important role in the endothelial barrier function and vascular homeostasis; they found that levels of CgA change in MD related to the frequency of vertigo spells and time from the last attack, suggesting a relationship between the inner ear and the cardiovascular system ([@bib33]).

Besides, the relationship between inner ear and kidney has also been recently studied. Nowadays, the endolymphatic sac (ES) is considered an endocrine structure similar to the kidney at the molecular level ([@bib23]; [@bib25]). Recently, the vasopressin-aquoporin-2 system in the inner ear was proposed to mediate the endolymph homeostasis ([@bib36]). Vasopressin, a neurohypophyseal peptide, is also broadly in control of the cardiovascular system ([@bib15]). Hence, elevation of plasma vasopressin, strictly related to salt-sensitive hypertension, might be one of the causative factors underlying MD symptoms ([@bib16]; [@bib18]; [@bib24]).

On the other hand, the location of the ES intimately nearby the sigmoid sinus/jugular bulb may explain the relationship between systemic intracranial pressure and systemic fluid volume regulation(C. A. [@bib8]). Moreover, coenzyme Q10 (ubiquinone), which is a potent cardiovascular modulator, is useful in arteriosclerosis, ischemic heart disease, hypertension, oxidative stress and also was found to be helpful in MD ([@bib17]).

Finally, MD treatment is based on enhancing inner ear vascularization and reducing inner ear fluid volume. Reduction of salt content in diet remains one of the most important aspects of symptomatic treatment, along with the use of diuretics. Both interact directly with cardiovascular risk by reducing arterial blood pressure (Carol A. [@bib9]).

To date, some studies report a possible association between MD and cardiovascular comorbidities (C. A. [@bib8]; Carol A. [@bib9]; [@bib10]; [@bib26]; [@bib32]; [@bib33]; [@bib34]). However, only Frejo et al. established a possible vascular phenotype of bilateral MD.

Finally, Foster at al. went further, and stated that every patient with MD attacks has one or more major risk factors for cerebral ischemia, including vascular disorders and/or chronic hypoxia. They predicted that those without vascular risk factors will not have such attacks and, ultimately, they conceptualize MD as a cerebro-vascular disease(Carol A. [@bib9]).

Limitations of this study include the small population and self-reported statement of MD onset and reference of attacks in the previous 6 months, although the definition of "attack" was well established and judicious inclusion and exclusion criteria were applied.

5. Conclusions {#sec5}
==============

To our knowledge, this is the first study describing a MD population according to its cardiovascular risk factors aiming to establish a new phenotype of the disease. Cerebro-vascular dysfunction, mainly due to cardiovascular risk factors, could influence the course of MD and may be responsible for a specific disease phenotype with a worse prognosis. If this association is correct, evaluation and treatment of common vascular risk factors should be approached in every MD patient with new treatment options. MD could be, in the future, considered an early precursor of cerebrovascular disease and even vascular dementia. These findings prepare the way for future studies to identify the pathological pathways of Ménière\'s disease.
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[^1]: \*CVRFs -- cardiovascular risk factors, IQR -- interquartile range, SD -- standard deviation, SDT - speech discrimination test thresholds, PTA -- pure tone audiometry thresholds.

[^2]: Note.: Unknown evolution of disease −2 cases (missing data).

[^3]: \*SDT - speech discrimination test thresholds, PTA -- pure tone audiometry thresholds.
